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a:1 a:1

FP−tree for Trans. DB

b:4

d:1 e:1

a:1d:1

e:1
Mandatory

Optional

e:1

e:1a:2

b:3

c:2

FP−tree for {d}−proj. DB FP−tree for {a}−proj. DB

{a,e}−proj. DB
FP−tree for

{a,c}−proj. DB
FP−tree for

b:2 b:2

b:3

c:2

d:1

=> {d,a}, {d,b}, {d,a,b}

=> {a,e,b} => {a,c,b}

=> {a}, {d}

=> {a,b}, {a,c}, {a,e}

35476!8�9;:)<�=>3�?A@�8�B�C�47D�:FE�3�9;:HG
8�:'D�IKJLI;:'M�EN:'I;EO@	P�I;47ERQTS	47D�6UI;V�:
@�W/XYXAZ+D�ERIN9[P!47D
I]\�^

_a`cb�d�e�fhgji�kAlm4nI;VoI;V�:]E;P�M�:�p�P�I[P�q�P!EN:Hr�EN:'INI;47D�6sP!E�47Dut�v�P�Mxw
y�z :K{sP!D�pOI;V�:x@�W/X|B'Z+D�ERIN9[P�47D�I/\ ^/}1~K�	������� �0�����'�������+� P!E
p	47ENBF8�ENEN:Hpu47DO@�:FB'I;47Z+D���� ��� �
��I;V�:03�?a@	8�B�P z 6+Z�9;4nI;V�M�M�47D�:'E��+P z 4�p
Q�9;:HG
8�:FD
Io4nI;:FM�EN:'I;EuP�EoQTZ z7z ZH��EF�1JLI���9;ERIo6+:FD�:'9[P�I;:'E�P�D�p y P�9NI;4nw
I;47Z!D�E�4nI;:FM�E�47D�I;Z���6!9;Z!8 y EF= � 4 � I;V�:sd�b!���cb!���! [¡s¢! N�!£¤euBFZ!D�I[P�47D�w
47D�6u4nI;:FM�E ��¥N¦ P!D�p¨§ª©«P!D�p � 4h4 � I;V�:o�,e��­¬­�!��b+f®¢! R�!£¤e�B'Z+D
I[P!47D�47D�6
4nI;:FM�Ea¯ ¥N��¥[� P!D�px°���±�Z�I;:�I;V�P�IAI;V�:]4nI;:FM�§K47EA47D�Q�9;:HG
8�:FD
I�P!D�p�47E
I;V�8�Ej9;:'M�Z��+:Hp®�u²�V�:oP z 6+Z�9;47I;V�M³P z ENZO9;:FM�Z¤�c:FE0IN9[P!D�E;P!B'I;47Z!D)´;µ!�
q�:'BHP!8�EN:�4nI�BFZ+D
I[P!47D�E�D�Z�MoP�D�p�P�I;Z!9NS047I;:'MO©+EN8�B,V�P�9;:FM�Z¤�!P z
z :HP!p�E
I;Z�:'¶«:FB'I;47�c: y 9;8�D�4hD�6�P�D�p�PKM�Z!9;:¸·RP!B'BF8�9[P¤I;:F¹OEN8 y�y Z!9NIjBFZ!8�D
IH�
@ y :FBF4n��BFP z7z S
�+I;V�:aEN8 y�y Z!9NI�BFZ!8�D
I�Z!Q�47I;:'M1°/47E�p�:FB'9;:'M�:FD
I;:HpjI;Z�{+�
��V�47B,Vs9;:,º�:FB'I;E�4nI;Ej·RP!B'BF8�9[P¤I;:F¹/QT9;:HG
8�:'D�B'S�r�EN8 y�y Z�9NI�BFZ+8�D�I�47DsI;V�:
EN:,I�Z!Q�D�Z+D	w�9;:Hp�8�D�p�P�D
I,r®·»B'Z+D
IN9;47q�8�I;47D�6+¹�IN9[P!D�E;P!B'I;47Z+D�EF��@	47D�BF:aI;V�:
4nI;:FM�°x4hE�D�Z z Z+D�6+:'9�QT9;:FG�8�:FD
I � 4­� :+�7��D�Z�I�BFZ+D
IN9;47q�8	I;47D�6�I;Z�I;V�:���w
D�P z P!D�ER��:'9�EN:,I�Z!Q��+P z 4hp/QT9;:HG
8�:FD
I54nI;:FM�:FEN:'I;E � �!¼c:F: y 47D�6�4nI�P�9;Z!8�D�p
47EaP���P�ERI;:]Z�Q«BFZ+M y 8�I[P�I;47Z!D�P!D�psE y P�BF:+��P�D�pxV�:'D�BF:�4nIa4hE y 9;8�D�:Hp«�
²�V�:FDª��3�?a@	8�B½q�8�4 z p	EKP¸3�?�w�IN9;:F:¾P!EoENV�Z¤��Dm47Dm35476!8�9;:¨<	��J»D
I;V�:�354h6!8�9;:+��I;V�:�p�P�ENV�:Hp z 47D�:�47D�p	4hBFP�I;:FE�I;V�:o¿;�!£����cb� ,¡�q�:'IL��:F:FD
MoP�D�p�P�I;Z!9NS>P�D�p>Z y I;47Z!D�P z 4nI;:FM�Ex47DÀI;V�:�47D�4nI;4hP z 3�?�w�IN9;:': � 4­� :!�h�
I;V�:�3�?�w�IN9;:':xq�8�4 z I/QTZ!9jIN9[P!D�E;P!B'I;47Z+D)p�P�I[P�q�P�EN: � �oÁ�:'9;:!��MoP�D�p�P¤w
I;Z�9NSo4nI;:FM�E�P y�y :HP�9�q�: z ZH�YZ y I;47Z+D�P z 4nI;:FM�EF��lm4nI;V�47Du:HP!B[VKZ�Q�I;V�:
MoP�D�p�P�I;Z!9NS�P!D�pKI;V�:/Z y I;47Z+D�P z 6�9;Z+8 y EF��4nI;:FM�E�BHP�D½q�:jP�9N9[P�D�6+:Fp
B'Z+D�EN47ERI;:FD
I z S>P!B'BFZ!9[p	4hD�6¾I;Z¾P�D�S¸4nI;:FMxw�Z!9[p�:,9;4hD�6½ENB,V�:FM�:+��±�Z�I;:
I;V�P�I0QTZ!9jPK@	W0X|BFZ!D�ERIN9[P�4hD
IH�«I;V�:�q�Z+8�D�p�P�9NSÂ�!��f ¡�:'v	4hERI;E�4hD½I;V�:
47D�47I;4hP z 3�?�w�IN9;:F:xq�8�Is���!��47D�P!D
S¨3�?�w�IN9;:':xq�8�4 z I]QÃZ!9jEN8�q�EN:HG
8�:FD
I
y 9;Z�Ä»:FB'I;:HpÀp�P¤I[P!q�P�EN:FEF�>²�V�:u9;:HP!ENZ!DÀ47EsI;V�P�IsZ+D�B':OP y 9;Z¤ÄR:FB'I;:Fp
p�P�I[P�q�P!EN:/47E�QTZ!9;M�:Hp�QÃZ�9�:HP!B[V��!P z 4hpuQ�9;:HG
8�:FD
I�EN47D�6 z :'I;Z+DK47I;:'M�EN:'I
� :!� 6	�7�aÅ ��Æ
¥ Å ¦�Æ!� �®I;V�:'9;:s4hEjD�ZOp�47ERI;47D�B,I;4hZ!D)q�:'IL��:F:FD�MoP!D�p�P�I;Z�9NS
P�D�p0Z y I;47Z+D�P z 4nI;:FM�EF��J»D0Z�I;V�:'9ª��Z!9[p	EF��Z+D�B':aP�MoP�D�p�P¤I;Z!9NS]4nI;:FM �

47E�QTZ+8�D�p�QTZ!9sPO�+P z 4hp¸4nI;:FM�EN:,IsÇ«��P!D
S�Z!I;V�:'9�47I;:'MÈ47DUÇ�BHP!DUq�:
B[V�Z+EN:'DÀQT9;Z!MÉMoP!D�p�P�I;Z�9NSÂZ!9�QT9;Z!MÉZ y I;47Z!D�P z 6!9;Z!8 y E � 9;:'QÃ:'9oI;Z
t�G�8�P�I;47Z+D � � �N� ��²�V�47Eu:'v y�z P!47D�E���V
S>Z+D�BF:¨3�?A@�8�BOQTZ!9;M�E�I;V�:
Å ��Æ w�P!D�p¸Å ¦�Æ w y 9;Z¤ÄR:'B'I;:Hp¾p�P�I[P�q�P�EN:FEF�«I;V�:�8�EN8�P z 3�?�w�IN9;:':�q�P!EN:Hp
M�47D�47D�6 y 9;Z
BF:FENE � ��4nI;V¾Z+D z SOQ�9;:HG
8�:FD�B'S½B[V�:FB[¼ � BHP�D¨q�:sP y�y�z 47:Hp
9;:FBF8	9;EN47�c: z SKI;Z�I;V�:FEN: y 9;Z�Ä»:FB'I;:Hp½p�P�I[P�q�P!EN:'EF�
Êª:,I�8�E�BFZ+M y�z :,I;:uI;V�:K:'v	:FB'8�I;47Z+DÂ9;8�D®�U3�?a@	8�Bo��D�p�E�QT9;:HG
8�:'D�I
� P!D�p|I;V�8�E½�!P z 4hp � 4nI;:FM�EN:'I;E�Å ¦�¥;��Æ
¥ Å ¦�¥ ¯ Æ P�D�pËÅ ¦�¥N��¥ ¯ Æ QT9;Z+M
I;V�:]Å ¦�Æ w y 9;Z¤ÄR:'B'I;:Hp�p�P¤I[P!q�P!EN:+©�4nI���D�p�E5QT9;:FG�8�:FD
I�47I;:'M�EN:'I;EAÅ ��¥ ¯ Æ �
Å ��¥N�HÆ P!D�pUÅ ��¥[�!Æ Q�9;Z+MÌI;V�:uÅ ��Æ w y 9;Z¤ÄR:FB,I;:HpUp�P¤I[P!q�P�EN:+��Í]E/I;V�:
M�47D�47D�6 y 9;Z
B':FENE/47E�P y�y�z 47:Hp½9;:FBF8	9;EN47�c: z S¾Z+D¨I;V�47E�Å ��Æ w y 9;Z�Ä»:FB'I;:Hp
p�P¤I[P!q�P!EN:+��Å �«¥R�¤Æ w�P!D�puÅ ��¥;�!Æ w y 9;Z¤ÄR:FB,I;:Hpop�P�I[P�q�P�EN:FE�P¤9;:�QTZ!9;M�:Hp«�
P!D�p � �!P z 4hp � Q�9;:HG
8�:FD
I�47I;:'M�EN:'I;EaÅ ��¥N��¥ ¯ Æ P!D�pxÅ ��¥;�c¥ ¯ Æ P¤9;:AQÃZ!8�D�p«�
Á�:'D�BF:+��P z7z �!P z 4hpmQ�9;:HG
8�:FD
IK4nI;:FM�EN:'I;E¨Å ��Æ
¥ Å ¦�Æ ��Å �«¥ ¯ Æ �/Å ��¥;�¤Æ �
Å ��¥;�!Æc¥ Å ¦�¥N��Æ
¥ Å ¦�¥ ¯ Æ
¥ Å ��¥N��¥ ¯ Æc¥ Å ��¥;�c¥ ¯ Æ P�D�pKÅ ¦�¥R�«¥ ¯ Æ P�9;:�QÃZ!8�D�p«�
±�Z�I;:]I;V�P�IH= � 4 � y 9;Z�Ä»:FB'I;:HpKp�P�I[P�q�P�EN:FE�P�9;:�QÃZ!9;M�:Fp��!��f ¡�QÃZ!9��!P z 4hp
QT9;:FG�8�:FD
I�EN47D�6 z :'I;Z+D¾4nI;:FM�EN:'I;EF©ªP!D�p � 474 � D�Z�BFZ!D�ERIN9[P!47D
I/B[V�:FB[¼�47D�6
47E�9;:HG
8�4n9;:HpOP¤I�9;:FBF8�9;EN47�c:/ERI;: y E[r y 9;Z�Ä»:FB'I;:Hp½p�P�I[P�q�P!EN:'EF�

3.3 FPSucfor Handling SupersetConstraints@	Z/QÃP�9H�
��:�V�PH�c:�ENV�Z¤��DoV�Z¤�ÎZ+8	9 y 9;Z y Z+EN:FpuP z 6+Z!9;4nI;V�M�E�3�?a@�P!M
P!D�pÎ3�?a@	8�B�V�P�D�p z :½@�Í0CÏBFZ+D�ERIN9[P!47D
I;EKP�D�pÀ@	W0XÐBFZ+D�ERIN9[P!47D
I;E
9;:FE y :FB,I;4h�+: z S
��Á�:'9;:+����:jI;8�9;DOZ!8�9/P¤INI;:FD
I;47Z+DOI;Z�I;V�:¨·»EN8 y :'9;EN:'I;¹
BFZ!D�ERIN9[P!47D
IH�54­� :+�uPuEN8�BFBF47D�B'I�D�Z+D	wLP!D
I;4nwLM�Z!D�Z�I;Z+D�:�BFZ!D�ERIN9[P!47D
I�Z!Q
I;V�:uQÃZ�9;M �5� ÑÓÒ�Ô/� �ÎÕa: z Z¤�/�a��:½p	47ENBF8�ENEs��V
SUI;V�:K:'v	47ERI;47D�6
Ö�×�Ø®ÙÌP z 6!Z!9;4nI;V�MÐÚ7{F<�Û	BHP�D�D�Z�I�V�P�D�p z :�I;V�:aEN8 y :'9;EN:,I�BFZ+D�ERIN9[P!47D
IH�
Ü0Ý¤Þ�ß�àTá�âäã åoá	àÃæ�ç�è5é+áêÞ�èìëFÞ�ëFç�àKÞ�Ý�í�á�ÝîÞ	ï�á�ÝÀçËðFá�ëÂÞ�ñ
æTëFá�â¸ð+ò>ó�:FBHP zhz I;V�P�Isq�Z!I;VUI;V�:�Ö�×�Ø®ô%P!D�pUI;V�:uÖ�×�Ø Ù P z 6+Z�w
9;4nI;V�M�E09;: z S¾Z+D)P�ERIN9;Z+D�6½P!ENEN8�M y I;47Z+D¸P!q�Z+8	IjI;V�:x:'v	47ERI;:FD�BF:�Z!Q
PuI;Z�I[P z Z!9[p	:'9jZ¤�c:'9�PuEN:'IjZ!QA47I;:'M�EF�x²�V�:�P z 6+Z�9;4nI;V�M�E/BHP�D¸Z+D z S
:'v y�z Z!47I�P�BFZ+D�ERIN9[P!47D
I�q�SuZ�9[p�:'9;47D�6�4nI;:FM�E y 9;Z y :'9 z S
�a@	47D�BF:]I;V�:'9;:
p�Z
:'EuD�Z!Io:'v	47ERIKPÀ���!��b+f]�! R�
g, xQÃZ�9oI;V�:OEN8 y :'9;EN:'Io9;: z P�I;47Z+D®��I;V�:
:'v	47ERI;47D�6KÖ�×�Ø Ù P z 6+Z�9;4nI;V�MõQ­P�4 z E0I;ZuV�P�D�p z :�I;V�:�EN8 y :'9;EN:'I0BFZ+D	w
ERIN9[P!47D
IH�aö�47�c:FD�I;V�P¤I�Z!8�9 y 9;Z y Z!EN:HpK3�?a@	8�B�P z 6+Z!9;4nI;V�Mìp�Z
:FEAD�Z!I
9;: z SîZ!DmI;V�:½I;Z!I[P z Z!9[p	:'9H��BFP!Dî��:¾V�P�D�p z :½I;V�:¾EN8 y :'9;EN:'I�BFZ+D	w
ERIN9[P!47D
I,÷�²�V�:�P!D�ER��:'9j47E0S
:'EF��q�:FBFP!8�EN:s4hD�Z+8	9/QT9[P!M�:,��Z!9;¼��®I;V�:
ø g,¡Y�!¬ ù�g, Ng,��ú[g¾q�:'IL��:F:'DûPÎEN8 y :,9;EN:'I¾BFZ+D�ERIN9[P!47D
I¸P�D�p1Pî@	W/X
BFZ!D�ERIN9[P!47D
I�47E��Tü�g���£	dx¿[g, ½�Rýod�b!���cb!���! [¡¾¢! N��£�e�þ[�ÎC�Z�9;: y 9;:,w
BF47EN: z S
�+P!D
S�Q�9;:HG
8�:FD
I54nI;:FM�EN:,I�Ç/E;P�I;47ERQTS	47D�6�P�EN8 y :'9;EN:'I�BFZ+D�ERIN9[P!47D
I
�5� Ñ#Ò Å �Hÿ��H¥F�7�7�h¥;�Fÿ���Æ 4hE�BFZ!M y Z+EN:Hp)Z�Q�P¤I z :HP�ERIxZ!D�:o4nI;:FMÌQT9;Z+M
:HP�B,V½MoP�D�p�P¤I;Z!9NSK6!9;Z!8 y P!D�pOENZ+M�:jZ y I;47Z+D�P z 4nI;:FM�E � 4­� :!�h�«4nI;:FM�E
I;V�P¤I�p�ZxD�Z!I�q�: z Z+D�6sI;Z�P�D�SuMoP�D�p�P¤I;Z!9NSo6�9;Z+8 y � =

Ç��|Å � � ¥'�h�7�7¥[� � Æ���� ���c�
��V�:,9;:

�
	�� MoP�D�p�P¤I;Z!9NSu6!9;Z!8 y 	 P�D�p��
 ��� ��	�� � MoP!D�p�P�I;Z�9NSo6!9;Z!8 y 	�� � Z y I;4hZ!D�P z 6�9;Z+8 y � �
� Þ�à���ëHæTÞ�è��¨²�Z½V�P�D�p z :�I;V�:uEN8 y :'9;EN:'I�BFZ+D�ERIN9[P!47D
I � Z�9�P�D�S�EN8�B,w
BF47D�B,I�BFZ+D�ERIN9[P!47D
I�V�PH��47D�6�Ms8 z I;4 y�z :aMoP�D�p�P¤I;Z!9NS�6!9;Z+8 y E � ����:a6+:FD	w
:'9[P z 4��F:�Z!8�9 y 9;Z y Z+EN:Hpx3�?a@	8�B�P z 6+Z�9;4nI;V�MËq
SjMoP!¼�47D�6]I;V�:�QÃZ zhz ZH��w
47D�6xM�Z�p	4n��BHP¤I;4hZ!D�EF=� J»D�ERI;:FP+poZ!Q y P�9NI;4nI;47Z+D�4hD�6s4nI;:FM�E�47D
I;ZjI»��Z�6!9;Z!8 y EF��I;V�:03�?�w

@	8�B�P z 6!Z!9;4nI;V�M 47E�M�Z�p	47��:HpKI;Z y P¤9NI;4nI;4hZ!D¨47I;:'M�E�47D
I;Z ��� �
{ � 6!9;Z!8 y EF��D�P�M�: z S"!�d�b!���cb!���! [¡�¢! N�!£¤e#�%$'&0kÃkÃk�&(!�d�b!���cb�)
���! ,¡0¢! N��£�e*��$�P�D�p+!��,e��­¬��!��b+f�¢! R�!£¤e,$,����V�:'9;: � 47E�I;V�:�D�8�Mxw
q�:'9¨Z!QoMoP�D�p�P¤I;Z!9NSY6�9;Z+8 y E[r�4nI;:FM�E¨47D1:HP�B,V��+P z 4hpê4nI;:FMxw
EN:'I]Ç®��3�Z�9]:,v�P�M y�z :+��QÃZ�9�I;V�:0BFZ!D�ERIN9[P�4hD
I�\.- }|�5� /1032��/Ò
Å ÿ54«�	�76«¥,ÿ58�¦
��Æ 47D135476+8	9;:m{+�jI;V�:UP z 6+Z!9;4nI;V�M y P�9NI;4nI;47Z+D�E
47I;:'M�E�47D
I;Z � 6�9;Z+8 y EF= � 4 � MoP!D�p�P�I;Z�9NSu6!9;Z+8 y � BFZ!D�I[P�47D�47D�6

@�JNö:9<;=;1t�v y�z Z�9[P�I;47Z+D�EF� >�Z z 8�M�::?���J»ENEN8�:s{0w y P!6!:<?c<



@BADC5E�F�GIH JKFLCNMPORQ
S�@�FUT5VXWZY7[]\^C�_ `%_�a*@BADC5Ecbd@fehg,i%jKE�k%l�C:mRn'a\^@�@�nUEojKe p j3ADJ3qLrh`3qDJ�s k#tIu7J�e*AvjK@�e @�e%`w@BADC5E�F�GIH J�FLC1M1O3Q#S1@�FT5xKy*Wz\^C�_ `%_�ad@BADC5E{Y�n'adjKe p|\^@f@�@�nwJKk%AD@�J�e jKl�`KqDJKs k}u5JKeZAvj3@�e%~@�e `�@BADC5E�F�GIH JKFLC<MPORQ
S<@�F1e C5@BADH C'q=T5V�WZY5[�e JKq=T5xKy*W�\^C�_ `�_fa@BADC5E�F�W
�Ly#�DS��v��jKe p��%n'_��� C5`�jRqvp%@�e `�ADH C�qDC5E�JR�KjKlUJK�IqDC�p%s%e#p%jKe*A'�X��e J�e�~�u5J�e*ALqD@�� s�AL~@�e `K��ALqvjKe%FDjKu7AD@�J�e%F5a ADH%C<���d�Zs u<j3l�`�JKqD@BADH%E�@�F�E�JZp�@�� C�p�ADJqDC5E�JR��C1ALqvjKe FDj3u7AD@�J�e%F1e%JKA�u7J�e*AvjK@�e @�e%`�jKe�@BADC5E"��qDJKE{�L���v�EojKe p jRADJKqLr�`KqDJKs k�_U� J3q1C7i%jKE�k l�C�aZ��JKq1ADH C=u5JKe F�ALqvj3@fe*A:�.�jK�
JR��CKaIjKe*r ALqvjKe%FDjKu7AD@�JKe¡e J3A�u5J�e*Avj3@fe%@�e `��
J3ADHzj T5V�WZY5[@BADC5E¢jKe p£j�T5x3y*W�@BADC5E¤\^C�_ `%_�a¥ALqvj3e FDjKu'AD@fJKe F<¦DtK�§¦L�hj3e#p¨¦L©@�e�g�i j3E�k l�C�m�n�u5jKe(�
C=qDC7E�J3��C�pX_� ª H C�«��'¬<­K® ¯:�'°L�'±
�v�²�
C7A§GdC5C5e<ADH C�JKqD@�`K@fe jKl����U��s uUjKe p=ADH @�FE�JZp%@B� C�p���C7qDFL@�J�e(@�FIjRA�qDC5u5s%qDFL@���C:F�ADC5k F5_U� J3qIj���³=´µu5JKe%~F�ALqvjK@�e*A�a#JKe u5C=ADH%C<@�e @BAD@fjKl¥����~�ALqDC5C.@�F1�%s @�lBAPjKe#p]k%qDJR¶�C5u7ADC5pp jRAvjK� jKFLC5F.jRqDC��·J3qDE�C�p���JKq.Eoj3e#p jRADJKqLr�@BADC5E�F5aXADH C�s FLs jKl����~�ALqDC7C:�#j3FLC�p�E�@�e @�e `�jKl�`KJKqD@BADH E¸u�jKe��
C:j3k k%lf@�C�p�_,¹:J�G�~C5��C'q�aKGI@BADHwADH%CdFLs%k
C7qDFLC7A,u5JKe F�ALqvjK@�e*A1\^H#j��Z@�e `Pº EojKe p j3ADJ3qLr`KqDJKs k%Fvn'a3ADH%C,E�JZp%@B�#C�p<���U��s%u�jKl�`�J3qD@�ADH%E»e%C5C�p%FXADJIC5e FLs�qDCADH#jRA�j3e½¼�¾²¿5�D¾ t �5À�ÀfÀ��D¾ZÁKÂ�~�k�qDJ3¶§C5u7ADC�pÃp jRAvjK�#j3FLC£@�F]��JKqDE�C�pÄ ± Å ¬¨��JKqÆC�jKuvHÃ@�ADC7EÇ¾ Á @feÈEojKe p j3ADJ3qLr|`KqDJKs k Á _¢É(J3qDCFLk
C5u5@B� u�jKl�lBr*aIADH C�E�JZp%@B� C�pz���U��s%u�jKl�`�J3qD@�ADH%E¤�·JKqDE�F]jKe¼R¾ ¿ Â�~�k%qDJR¶�C5u'ADC�pµp%j3Avj3�#jKFLC��·J3qoC�jKuvH}@�ADC7EÊ¾ ¿ @fe}Eoj3e#p jR~ADJKqLro`3qDJ�s%k�¿�jRANADH C1@�e @BAD@fjKl�F�ADC5kX_,Ë§eoC�jKuvHÌ¼R¾²¿'Â5~�k%qDJR¶�C5u7ADC5pp jRAvjK� jKFLC�a3@BADC5E�F�j3qDC�qDC�j3qLqvj3e `KC�p<FLJIADH j3AXADH JKFLC,��qDJ�EÃEojKe�~p jRADJKqLr:`KqDJ�s%k t u5J�E�C,�
C7��JKqDC,ADH JKFLC,��qDJ�E+ADH C,JKADH%C7q�`KqDJ�s%k F5ÍADH C�jKl�`�J3qD@BADH EÎADH C7eÆ��JKqDE�F<j3e}¼R¾�¿5�D¾ t Â5~�k�qDJ3¶§C5u7ADC�p¨p jRAvj3~�#j3FLC���JKq�C�jKuvH @BADC5E¢¾ t @fe Eoj3e#p%j3ADJKqLr¨`KqDJKs k t _¨��@�E�@�l�jRqjKk%k%qDJ�jKuvH @fF�u�jRqLqD@fC5p}JKs%A�s e*AD@�lUADH%CojKl�`�J3qD@BADH E¢�·JKqDE�FwjKe¼R¾ ¿ �L¾�t3�5À�À�À��D¾
Ï�Â5~�k�qDJ3¶§C5u7ADC�p(p j3Avj3�#j3FLC�\·��JKq1C�j3u'HÌ@BADC5EÐ¾#Ï¥@feEojKe p jRADJKqLr�`KqDJKs k#Ï�n'a�ADJhGIH @�uvH(ADH C<s%FLs#j3l¥����~�ALqDC7C�� jKFLC�pjKl�`KJKqD@BADH EÑ\^CK_ `�_�a*����~�`3qDJ�G�ADH
n²u�j3ew�
CdjKk k%l�@fC5pwjR��ADC7qLGNj3qvp%F5_� J3qUC'i j3E�k l�C�aRGI@BADH�ADH CdFDjKE�C�p%j3AvjK� jKFLCR�RFLC7ALAD@�e `.j3F�@�e�g,iZ~jKE�k%l�C.mPj3e#p�ADH CIu5JKe F�ALqvj3@fe*AN���Ij3�
J3��C�a*ADH C1���U��s u1j3lf`KJK~qD@BADH EÑ�%qDF�A1��JKqDE�F1j�¼Rb�Â�~�k%qDJR¶�C7u7ADC�p�p jRAvjK� jKFLC�_ ª H C5eXa%ADH%CjKl�`KJKqD@BADH EÒ�·J3qDE�F=j�¼Rb3�LYRÂ5~�k%qDJR¶�C5u7ADC5pÆp%j3Avj3�#jKFLCKa
ADJhGIH @�u'HADH C£s FLs#j3l�����~�ALqDC5C�� jKFLC�pÃE�@fe%@�e `¡j3l�`�JKqD@BADH%EÓlf@�Ô�C}����~`KqDJ�G�ADHÕ@�F�jKk%k l�@�C�pX_£¹:C5e%u5C�a,ADH C�E�JZp%@B�#C5pÕ���U��s%u�� e#p�FjKl�l���j3lf@fpo��qDC�Ö*s C7eZAI@BADC5E�FLC'ADF=¼�bK�LY�Â�jKe p�¼Rb3�LYK�DW Â�_
3.4 Handling Multiple SuccinctConstraints´dl�C�jRqDlBr*a#j3e(j3lf`KJKqD@BADH EÑ��JKqIk�qDJ*u5C5FLFL@�e `�j�u5J�e%F�ALqvjK@�e C5p���qDC5ÖZs%C5e*AL~FLC'A�Ö*s C7qLrÆe%C5C�p%F.ADJÆp%C�j3lUGI@BADH¡×�Ø�Å Ù^® Ú#Åf�.u5JKe F�ALqvj3@fe*ADFwFLk
C5u5@B�#C�p@�e�ADH C1Ö*s C'qLr*_ ª H @�Fdqvj3@�FLC5FdADH CPÖ*s C5F�AD@�JKe�JK��H J�GzADJ.H#j3e#p�lfCIEws lB~AD@�k%lfCwFLs u5u7@fe%u7A=u7J�e F�ALqvj3@�eZADF5_=ÛdC5l�J�G<a�GdCwC'i%k%lfjK@�e�GIHZr(ADH C<Ü=Ý�Þj3l�`�JKqD@BADH%E�FPu�j3e e%JKAIH#j3e#p�lfC<Ews lBAD@�k l�C=u5JKe F�ALqvj3@fe*ADFIC7ß�C5u'AD@f��C5lBr*_à=áRâ#ã¥ä�å%æÊçéèoå�ä·ê�ë#ì¥í�å]â
ì�ëÌî¥áRâ#î,åZáhê�ï5å%æÊâ#á3ð²åZáKê�ì²ñ²ò � C7~u5jKl�l�ADH#j3AwGIH C5e}s%FL@fe%`ÆADH%C�Ü:Ý�Þ|jKl�`KJKqD@BADH E�F5adu5J�e%F�ALqvjK@�e*ADFhu�jKe�
C C'i%k%l�J�@BADC�p»JKe lBr»�*rÃJKqvp�C7qD@�e `¡@BADC5E�F�k�qDJ�k
C7qDlBr*_{¹:J�GNC7��C7q�ap�@Bß�C7qDC5e*A�u5J�e%F�ALqvjK@�e*ADF¨Eoj5r|qDC�Ö*s%@�qDC}p�@Bß�C7qDC5e*AÆjKe pÈC5��C7e»u5JKe%~ó @�u7AD@�e `Ì@BADC5EÎJ3qvp%C7qD@�e%`%_��ZJ]ADJÌH jKe#p�l�ChE�s%l�AD@�k%lfCwFLs u5u7@fe%u7A.u5JKe%~F�ALqvj3@�eZADF5a*ADH%C��
C5F�A�ADH CNÜ:Ý,ÞÌjKl�`�J3qD@�ADH%E�FUu5jKeop%J<@�F,ADJ<u5J�e p%s%u7AUju7J�F�A�j3e#j3l�r�FL@�FN@�eop%C'ADC7qDE�@�e @�e `=H%J�GzADJ<u5JKE�� @�e%C1Ews lBAD@�k l�C�JKqvp�C7qL~u7J�e FL@�F�ADC5e*A,u5JKeZ��C7qLAD@�� l�Cdu7J�e F�ALqvj3@�eZADF¥jKe#p.H J�G�ADJ1FLC5l�C5u7A�ADH%CUE�JKF�AFLC7lfC7u7AD@���C�u5JKe F�ALqvjK@�e*A�j3E�J�e `}ADH CÆJKqvp�C7qL~�u5J�e ó @�u7AD@�e `ÕJ�e%C5F5_ÒË§eEoj3e*rwqDC�j3lB~�l�@B�·C:FL@�ADs j3AD@�J�e%F5aZ@BAN@�Fde%JKANs%eZs FLs#j3l%ADJ.`�C'ANu5JKe F�ALqvjK@�e*ADFH j���@�e%`|u5J�e ó @�u7AD@�e `|@BADC5EôJKqvp�C7qD@�e `�_õ� JKqÆC7i%j3E�k l�C�a��·JKq¨u5JKe%~F�ALqvj3@�eZADF�� ¿3ö ��t1÷¡ø]ù�V,\�ú¥À �<¦§O%nUû¡ü3ý�ý ö ø(WZ¾¥\�ú¥À þ=ÿKù�Y7SKnUû��Ký@�e£�¥@f`Ks%qDCÌmKa¥J�e%Ch@BADC5E JKqvp�C7qD@�e `]C7i�@fF�ADF<��JKq�ú�À �=¦�O�j3e#p¨j]u5JKe%~ó @�u7AD@�e `�JKe C:��JKq:ú¥À þ=ÿ3ù�Y5S�_,Ë§eoADH @�F�FL@BADs#jRAD@�J�e�a�ADH CP�
C5F�A�ADH C1Ü=Ý�Þj3l�`�JKqD@BADH%E�Fwu�j3e}p%JÌ@�F.ADJÌk @�uvÔÆADH%C�E�J�F�A�FLC5l�C5u7AD@���Cou5JKe F�ALqvj3@fe*A�a®��K± Ä °L��j3e JKADH%C7q�u5J�e%F�ALqvjK@�e*AÌp�s%qD@�e `ÆADH C�E�@�e @�e%`£k%qDJ*u7C5FLF5aPjKe#p

k
C7qL��JKqDEÎjhÚ Ä�� Ù���Ú#° Ä �v� ��� ®·±	��F�ADC5k�ADJ�u'H%C5u'Ô�ADH C�E�@�e C�pÌ@BADC5E�FLC7ADFjK`�jK@�e F�A1ADH C:k%qDC5�Z@�J�s%FLl�r]@�`�e%JKqDC�p(u7J�e F�ALqvj3@�eZA�_

 â
ä��²ï�ê�â
ì�
��:s%q1k%qDJKk
J�FLC�p�j3lf`KJKqD@BADH E ���U�(u�jKe�C7i�k%lfJK@BA=FL@�E�s%l�~AvjKe%C5J�s%FLlBr���Å·Å3JK��ADH CIu5JKe F�ALqvj3@fe*ADFU@fe�ADH%C1Ews lBAD@�k l�C�FLs u7u5@�e u7Adu5J�e�~F�ALqvjK@�e*ADF5a
�
C5u5jKs FLCwjKe*r(ÛdJ*J�l�C�j3e¨u7J�E��%@�e#j3AD@�JKe�JK��FLs u5u7@fe%u7APu5J�e�~F�ALqvjK@�e*ADF�@�F�j3l�FLJ¨FLs%u5u5@�e u7A��Bm�����_ � JKqwC7i%jKE�k%lfCKa��·JKqhu5J�e%F�ALqvjK@�e*ADF�h¿ ö � t ÷½ø(ù�V,\�ú�À �=¦�O%nPû»üKýKý ö ø(WZ¾¥\�ú¥À þ=ÿ3ù�Y5S3nPû���ýZa²j3e*r@BADC5E�FLC7A��ÕFDj3AD@�F���r�@�e `}� ¿Iö �wt(@�Fou5JKE�k
J�FLC�pÕJK���Õ\^@�nhj3A�l�C�j3F�AJ�e%C:Eoj3e#p jRADJKqLr�@BADC5E \^@�_ C�_�a�@BADC5E"GIH%J�FLC<�=¦�O�ûzüKýKý�j3e#p�GIH J�FLCþ=ÿ3ù�Y7S.û��Ký�n'a�jKe pÌ\^@�@�n,FLJ�E�CIJ�k�AD@�J�e#j3l#@BADC5E�F,GIH J�FLCP�=¦�O�ûzüKýKý�_
�|H%C5e¡j3k k lBr�@�e `£��¿ ö � t ADJ£ADH C(FDjKE�C�p%j3AvjK� jKFLCR�RFLC7ALAD@�e `}j3F@�e¡g�i%jKE�k l�C£mKa��KjKl�@fpÕ��qDC5ÖZs%C5e*Ao@BADC5E�FLC7ADF]¼RW Â��7¼Ry%Â*�v¼RW
�Dy%ÂÆj3e#p¼RW
�DSKÂhu�jKeÆ�
Cw��J�s%e#pX_ ª H%CwqDC�j3FLJ�eÆ@�F=ADH#j3A=jKe*r�@BADC5E�FLC7A���FDjRAL~@�F���r�@�e `(��¿ ö � t @fF:u5J�E�k
JKFLC�pÆJ3����\^@�n=jRA<l�C�jKF�A.JKe CwJK�N@BADC5E�F:WjKe p�y#a%j3e#p�\^@f@�nUk
JKFLFL@�� lBroADH C:JKk%AD@�J�e jKl�@BADC5EÐSh\^u7��_�g,i%j3E�k l�C5F��jKe p���n'_
4. EXPERIMENT AL RESULTSª H C�C7i�k
C7qD@�E�C5e*AvjKlXqDC5FLs lBADFPu5@BADC�pÌ�
C5l�J�G j3qDC��#j3FLC�pÌJ�eÆjhALqvjKe%F�~jKu'AD@fJKe+p jRAvjK�#j3FLC�JK��m5ý�ýKÔ}qDC5u5J3qvp%FoGI@BADH|jKe|j���C'qvjK`�CÌALqvj3e FDj3u7~AD@�J�e�l�C5e%`KADH¨JK�=m5ýÌ@�ADC7E�F5a¥j3e#p£j(p%J�Eoj3@�e£JK�:m�ý�ýKýÌ@BADC5E�F5_ ª H Cp jRAvjK� jKFLC�GNjKF=`KC5e C7qvjRADC�p¨�*rÌADH%Cwk�qDJ�`3qvjKE p�C5��C5l�J�k
C5pÆjRA<Ë�ÛNÉ
 l�EojKp%C5e � C5FLC5j3qDuvH|´dC5e*ADC7q!� �"��_¸\  p p�@BAD@fJKe#j3lPp%j3Avj3�#jKFLC7F5aP@�e�~u5l�s#p�@�e `(u7J�e e%C5u7AL~$#Ìj3e#p�E�s%FLH%qDJ*J�E���qDJKE ³<´»Ë�qD�Z@�e ChÉÌjKuvH @�e C
%�C5j3qDe @�e%`'&=C5k
J�FL@BADJ3qLr*a�GNC7qDC�s FLC5pz@�ezADH C�C7i�k
C7qD@�E�C5e*ADF5_ ª H CqDC5FLs%l�ADF�k�qDJZp%s%u5C�p}j3qDC]u5J�e%FL@fF�ADC7eZA�GI@BADH}ADH JKFLC(s FL@�e%`¨ADH C�Ë�ÛNÉp jRAvjK� jKFLC�_1�ZJ%a#��JKqPlfjKuvÔ(JK�,FLk jKu5CKa#GNC.J�e%lBrÌFLH J�GÈ�
C5l�J�G»ADH C=qDC'~FLs lBADF<s%FL@fe%`�ADH%C�Ë§Û�ÉÊp jRAvjK� jKFLC�_ n�³:e%lfC7FLF<JKADH C'qLGI@fFLC�FLk
C5u5@B�#C�p�aGNC1s FLC5p�j=E�@�e%@fEws EcFLs%k k
JKqLA�ADH%qDC7FLH J�lfp�JK��ýZ_ ýZm�(�_  lfl C7i�k
C7qD@B~E�C5e*ADF¥GNC'qDCIqDs%e�@�e�jPAD@�E�C7~�FLH j3qD@�e `=C7e��Z@BqDJ�e%E�C5e*A�@�e�j*)3ý�ý�É(¹,+EojKuvH @�e%C�_ ª H C.qDC5k
J3qLADC�p�� `�s�qDC5F<j3qDCw�#j3FLC�pÆJKe�ADH CwjR��C7qvjK`KChJK�E�s%lBAD@fk%l�C:qDs e%F5_dË�e(ADH C=C'i%k
C'qD@fE�C7eZA�a�GNC<Eoj3@�e lBr(u7J�E�k#jRqDC�p�A�GNJFLC7ADF�JK��j3l�`�JKqD@BADH%E�F�ADH j3A�GNC'qDC1@�E�k%lfC7E�C5e*ADC�p<@fe�´-�#\^@�n²Ü=Ý�Þ/.£�ZF5_���U�%jKEÌa%j3e#p£\^@�@�ndÜ=Ý�Þ/0¤��F5_����U��s%u�_ª H C1rZ~§jRi�@fFdJK�²�¥@f`Ks%qDC1)<FLH J�GIFNADH%C1qDs%eZAD@�E�CIJK��ADH C:jKl�`�J3qD@�ADH%E�F5ajKe pÃADH%C£iZ~§jRi�@fF�FLH%J�GIF�ADH%C � �7Åf�L�7Ù^®32�®·Ù^¬�J3��ADH C¨FLs u5u5@�e%u7AÆu5J�e�~F�ALqvjK@�e*A�_  u5J�e%F�ALqvjK@�e*AdGI@BADH.Q4(cFLC5l�C5u7AD@��Z@�A�r�E�C�j3e F²Q5(cJ3�²@BADC5E�Fj3qDC<FLC7lfC7u7ADC�pX_UË�A1@�FIJ��%FLC7qD��C�p]��qDJ�EÒ�¥@�`�s�qDC6)�\�j�ndADH j3APjKF�ADH C<FLC'~l�C5u7AD@��Z@BA§r�JK�UADH Ch�  É{u5J�e%F�ALqvjK@�e*A�p%C5u7qDC5jKFLC5F�\^@^_ C�_�a²��C7GNC7q.@BADC5E�Fj3qDCoFLC5l�C5u'ADC�p#n'a¥ADH%C�qDs e*AD@�E�C5F<J3�I�
JKADH¨Ü:Ý�Þ . jKe#p£���d��jKE¢p%C'~u7qDC�j3FLC�_ÈÛds%A�@�eµADC'qDE�F�JK�<FLk
C5C5p%s kXa�@BAo@�F�E�J3qDCÌ�
C5e%C7�#u5@fj3l1ADJs FLC.���U�%j3EÑADH#j3e]Ü:Ý,Þ . a%C5FLk
C5u5@fj3lflBr]GIH C5e(ADH%C=u5JKe F�ALqvjK@�e*A1H#j3Fj]l�J�GNC'q.FLC5l�C5u7AD@��Z@�A�r*_.Ë�A<@�F<JK� FLC7qD��C5p���qDJ�E �¥@�`�s�qDC7)Z\^�
n1ADH j3A.j3FADH CPFLC5l�C5u7AD@��Z@BA§roJK��ADH C:��³=´µu5J�e%F�ALqvjK@�e*A1p%C5u'qDC�jKFLC5F5aZADH%CPqDs e*AD@�E�CJK�U���U��s%u.p%C5u7qDC5jKFLC5FP� s%AIADH j3APJK�,Ü=Ý�Þ 0 @fe%u7qDC�j3FLC5F5_  `�j3@�e�a
@�eADC7qDE�F.JK�IFLk
C7C�p%s%k�a�@BA�@�FwE�J3qDC��
C5e C7� u5@fjKldADJ(s FLC����d�Zs uhADH jKeÜ:Ý,Þ/0¡a%C5FLk
C5u5@fjKl�lBrÌGIH%C5e(ADH C:u5J�e%F�ALqvjK@�e*A:H jKF1j�l�J�GNC7qPFLC5l�C5u7AD@��*~@BA§r*_  qDC�jKFLJKe¨��JKq<ADH Cw`�j3@fe¨@�e¨k
C7qL��JKqDEoj3e u5C�a�GIH%C5e¨u7J�E�k#jRqDC�p���U�wGI@�ADH�Ü:Ý,Þ�aZ@�F,ADH#jRAUADH%CP���U�hjKl�`KJKqD@BADH E¸C7i�k l�J�@BADFdFLs%u5u5@�e u'AL~e C7FLF1k�qDJ�k
C7qLA�r*_
 FIFLH%JRGIe�@�e��¥@�`Ks%qDC�8%\�j�n'a#J�s�qP���d�(j3l�`�JKqD@BADH%E�qDC�Ö*s%@�qDC7F1Ews uvHFLEojKl�l�C7q�eZs%E��
C7q�JK��u5JKe F�ALqvjK@�e*ANuvH C7u'ÔZ@�e `<ADH#j3eo@�ADFdu5J�s%eZADC'qDk#j3qLADF@�e�Ü=Ý�Þ�_ ª H C.qDC�jKFLJKeÆ@�F1ADH#j3A:J�s�q=j3lf`KJKqD@BADH E p%J*C5FPe J3A:qDC�Ö*s @BqDCu5JKe F�ALqvjK@�e*A<uvH C5uvÔZ@�e `]j3A=qDC5u7s%qDFL@���C�F�ADC7k Fv�3k�qDJ3¶§C5u7ADC�p¨p jRAvjK�#j3FLC5F5_Ë§eÕu5JKeZALqvj3F�A�aNADH C]Ü=Ý�ÞÃjKl�`�J3qD@BADH E�F�k
C7qL��JKqDE¤l�JKADFoJK�:s e%e C5u5C7F�~FDj3qLr¡u5J�e%F�ALqvjK@�e*AÌuvH C5uvÔZ@fe%`}j3A]qDC5u5s%qDFL@���C�F�ADC5k%F5_ÐÉ(J3qDC5JR��C7q�aP@BA@�F=@�e*ADC7qDC5F�AD@�e `oADJ]e%JKADC�ADH#j3A=jKF=ADH%CwFLC5l�C5u'AD@f�Z@BA§r�J3�UADH%CwFLs%u5u5@�e u'Au5JKe F�ALqvjK@�e*A(p%C5u7qDC5jKFLC5FÆ\^@^_ CK_fa1�·C'GNC7q]@BADC5E�F�j3qDC�FLC5l�C5u7ADC�p n'aIADH%qDC5Cp%@Bß�C7qDC7eZA�ALqDC7e#p%F�GdC7qDC<J��%FLC7qD��C�p]jKF��·JKlfl�J�GIF9�� � JKq(���d�
adADH%C�e�s%E��
C7qoJ3�.u5J�e%F�ALqvjK@�e*A(uvH C7u'ÔZ@�e ` @�F�u5J�e�~F�AvjKe*A�a1�
C5u�jKs%FLC�e J u5JKe F�ALqvjK@�e*AÌuvH C7u'ÔZ@�e `�@�F�qDC�Ö*s @BqDC�p¡jRAqDC5u5s%qDFL@���CoF�ADC5k%Fv�3k�qDJ3¶§C5u7ADC�pÕp jRAvjK�#j3FLC5F5_¨Ë§e�J3ADH C7qwGNJKqvp�F5a

�ZË;:,<*&�&½g,i�k l�J3qvj3AD@�J�e%F5_ =�J�l�s%E�C,#%a Ë§FLFLs%C�m=~Uk#jK`KC*#>)



0

20

40

60

80

100

120

140

160

180

0 20 40 60 80 100

R
un

tim
e 

(in
 s

ec
on

ds
)

?

Selectivity (i.e., percentage of items selected)

Handling of the SAM Constraint

FIC(A)
FPSam

@�ACBED�A"FHGJILK�FNMPO�QSR�TNU1VNW,XZY[O\FN]^R;_`A�K�F>R

0

50

100

150

200

0 20 40 60 80 100

R
un

tim
e 

(in
 s

ec
on

ds
)

?

Selectivity (i.e., percentage of items selected)

Handling of the SUC Constraint

FIC(M)
FPSuc

@ba5B[D,A�FHGJI�KLFNMcO�QdR�TeU�VJf�YgY[O\FN]^R;_`A�K�F>R

h KLM�iN_�U�j>kmlnieF>R�K�o7U

p _�iNFeK�FeMqQ3O"_sr9O\FN]^R;_`A�K�F>Rs]�A"R�K�]^QbA"rtR�K�O\FgK�]7GJO\FeU�O\FertUtuvA�FHG	uQ3O"_;uvA�I�Ibw

x h O"_Ey�zS{/|-}>R�TNU-F	ieo6a5Ut_mGNU9r~_�U�A�];U9]9}Na5U9r�A"ie];Uny�zS{/|�O�FeI��
Q3O"_�o7] p _�O��^U9r~R�U�G�GNA"R`A�aeA�];U9]*Q�O�_1��A�I�KLG�K�R�U9o7];UtR�]9wcVJOJ}�R�TNUI�O��EUt_cR�TNU�];UtILUtrtR�K��JK�Rv�'O�QnR�TeU�r9O\FN]^R;_`A�K�F>R�}�R�TeU�];osA�I�I�Ut_cK�]
R�TeU,FJiNoPa5Ut_EO�Q���A�I�KLG�K�R�U9o7];UtR�]9w

x h O"_-y,z�{/��}NR�TeU*F	ieo6a5Ut_�K�Fert_�U�A"];U9]9}5a5U9r9A�ie];U1y,z�{/��_�Utu
� ieK�_�U9]/r9O\FN]^R;_`A�K�F>R�r`TeU9r`�	K�FeM�O\F�R�TNO\];U p _�O��^UtrtR�U�G1GeA�R`A�aHA"];U9]
R�THA�R�THA��CUEFNO�RS�>U~RSr9O\F>R`A"KLFNU�GcAnosA�FHGNA"R�O"_;�1K�R�Uto�w�VJOJ}�R�TNU
I�O��EUt_cR�TNU�];UtILUtrtR�K��JK�Rv�'O�QnR�TeU�r9O\FN]^R;_`A�K�F>R�}�R�TeU�];osA�I�I�Ut_cK�]
R�TeU�F	ieo6a5Ut_�O�Q/osA"FHGeA�R�O�_;�6K�R�U9o7]9}	A�FeGPR�T	ie]SR�TeU�ILA"_�M�Ut_EK�]
R�TeU*F	iNoPa5Ut_�O"Q p _�O��^U9r~R�U�G�GeA�R`A�aHA"];U9]nFeO�Rn�>UtR�rtO\F>R`A�K�FeK�FNM
APosA"FHGeA�R�O�_;��K�R�U9o�w

h K�M�iN_�U��J@ba5B/];TNO���]�R�TeU[];K��9U[O�QJR�TeU[K�FNK�R�KLA"I hS� u�R;_�U9U,@bKbw U\w�}"R�TeU hS� u
R;_�UtU7aeieK�I�R1Q3O"_6R�TNUPR;_`A�FN]�A�rtR�K�O\F�GNA"R`A"aHA�];U�A�R�R�TNU7K�FeK�R�KLA�I[]^R�U p B~wWn]�O\aN];Ut_��CU�G4}eO�iN_ hS� V�A�I�M�O�_�K�R�Teo�aNieK�ILGN]�APo6ier`T�];osA"I�ILU~_nR;_�UtU
R�TeA�FqK�R�]�r9O�ieF>R�Ut_ p A�_;R�]�K�F�y�zS{�w1�ETeU�_�U�A�];O�Fe]*A�_�U6R�THA�R�k�@bK�BnKLF
hS� VNA"o�}\O�FeI����\A"I�K�G1K�R�U9o7]�A"_�U[�CU p R�KLF�R�TeU�R;_�U9U\}\��TNUt_�U�A"]�y,zS{ |
�\U9U p ]�A"I�IeK�F	�\A"ILKLG1Q�_�U � ieUtF	R�K�R�U9o7]�@3��TNK�r~T7A�_�UE_�U�GNiNFHGNA�F>R~B�K�FcA�GJuGJK�R�KLO�F�R�O�A"I�I��\A"I�K�G�Q�_�U � ieU9F>R-K�R�U9o7]-K�F�R�TeU*R;_�U9U���@bKLK�B�K�F hS� VJiNr\}
O�FeI��qR;_`A�FN]�A�rtR�K�O\FN]*R�THA"R�A�_�U7r9O\F>R;_�K�aeiJR�K�FeMsR�O�R�TeU6�HFHA"I�A�Fe]^�[Ut_
];U~RPA�_�U7�CU p R1KLF!R�TeUPR;_�UtU\}d��TNUt_�U�A�]1y,z�{ � �CU9U p ]1A�I�I�R;_`A�FN]�A�rtu
R�K�O�Fe]�@bK�FertILieGNK�FeM*_�U�GJieFeGeA�F>RmO\FNU9]`B�K�F7R�TeU�R;_�U9U\w�X�O"_�U9O��CUt_�}JK�REK�]

� ieo6a5Ut_EO"QmY[O\Fe]^R;_`A"K�F	R,Y[TNU9r~�	K�FeM
VJUtILUtrtu VJW�XZY[O\FN]^R;_`A�K�F>R VJf*Y�Y[O�Fe]^R;_`A�K�F>R
R�K��	K�Rv� hS� VJA�o y,z�{ | hS� VJier y�zS{/�
���\� j>}  >¡	¢ ¢t N} £ � j j>}  >¡	¢ ¢�¤��J} �\£\j
  �\� j>}  >¡	¢ ¤�¥J} � ¥	¢ j>}  >¡	¢ j � }  >j\¡
¥ �\� j>}  >¡	¢ j�j	} ¡\j�¡ j>}  >¡	¢ ¤� J} �  >j
� �\� j>}  >¡	¢ ¢t C¥	} ¡>¢�£ j>}  >¡	¢ ¢9 J} �\� ¤

@�A\B � iNoPa5Ut_�O"Q�Y[O\FN]^R;_`A�K�F>R*Y[TNU9r`�JK�FNM

� ieo6a5Ut_�O�Q � O	GNUt]nK�F�R�TNU hS� u$R;_�UtU
V	U9I�U9rtu VJW�X¦Y[O\FN]^R;_`A�K�F>R V	f*Y�Y[O\FN]^R;_`A�K�F>R
R�K��	K�R�� hS� VJA�o y,zS{ | hS� V	ier y,z�{/�
�"�C� ��¤J}  >¡"¤ � � ¥J}   � ¢ j � ¢�} ¥� \  � � ¡>} �"  �
  �C� �  C¥J} ¤\¡�¤ � � ¥J}   � ¢ j��\£	}  C£C¡ � � ¡>} �"  �
¥ �C�   ��� } ¡"¥ � � � ¥J}   � ¢ j�£Cj>} ¡�¤ � � � ¡>} �"  �
� �C� ¥	¢ � } ¥��\¥ � � ¥J}   � ¢ � �\� } �\�\¤ � � ¡>} �"  �
@ba5B � iNoPa5Ut_[O�Q � O	GNU9]�K�F�R�TNU*§�FeK�R�KLA�I hS� u$R;_�UtU

� OJwmO"Q*¨;Y[O�ieF>R�Ut_�];©cQ�O�_�¨;V	i pep O"_;R,Y[O\ieF>R�©cª p ]
V	U9I�U9rtu VNW,XZY[O\Fe]^R;_`A"K�F	R VJf�Y�Y[O\Fe]^R;_`A"K�F	R
R�K��	K�R�� hS� VNA"o y,z�{ | hS� VJiNr y,z�{/�
���\� ¢ � ¢\} £\£"  ¢\} �  � N} ¤Cj � ¢�} � £\�	}�¢��C¡ ¤	} �\� ¤	} �  C¤
  �\�  >j"�J} � � � ¢\} �\���J} �  \� ¢�} £�  � } j\j�¤ ¤	} �\� ¤	} �  C¤
¥ �\� ¢\} � ¡� N}  C£�£ � }  C£ � } ¤\¤\¡ � } ¡ � £	} £ � ¤ ¤	} �\� ¤	} �  C¤
� �\� ¢\} £J¢ � } �� \¥ � } �\£ � } ��� ¢ � } �C¡\j>} ¤Cj � ¤	} �\� ¤	} �  C¤
@br�B � ONw�O"Q1¨;Y[O\iNF>R�Ut_�];©cQ3O"_�¨^VJi pep O�_;R-Y[O�ieF>R�];©�ª p Ut_`A�R�KLO�Fe]

h K�M\iJ_�U1�Jkm«S¬4U9rtR�K��CU9FNU9];]�O�Q�«S­ p I�O\K�R�K�FeMsV	ier9r9K�FNrtR-Y[O\FN]^R;_`A�K�F>R�]

O\aN];Ut_��CU�G7R�THA�RER�TeU-];K��9U9]�O�Q�R�TeU-KLFNK�R�K�A"I5R;_�U9U9]EQ3O"_�R�TeUny�zS{!A�I�M\O"u
_�K�R�Teo7]�A�_�U�rtO\Fe]^R`A"F>R�}N_�U9M\A"_`GJILUt];],O�QSR�TNU*r9O\FN]^R;_`A�K�F>Rn];U9I�U9rtR�K��	K�Rv�>w
�ETeK�]�K�]�A�FPK�FeGNK�r�A"R�K�O�F6R�THA�RSR�TeU[y,zS{�A"I�M\O�_�K�R�TNo7]�GNO,FNO�R�Ut­ p ILO�K�R
R�TeU�];iertr9K�FertR,r9O\FN]^R;_`A�K�F>R,R�O7_�U�GNiNr9U1R�TeU1R;_�U9U6];K��9U�@�A�FeG�R�O�]�A��CU
r9O�o p iNR`A�R�K�O\FqA�FeG�] p A�rtU�B~w�§vF�r9O\F>R;_`A�]^R�}5R�TNU�R;_�UtU6];K��9U9]-Q3O�_�O\iN_
p _�O p O\];U�G6A�I�M\O"_�K�R�Teo hS� V6GNUtrt_�U�A�];UE��TNU9F6R�TNU[];U9I�U9r~R�KL�	K�R���O"QHR�TeU
r9O�Fe]^R;_`A�K�F>R-GNU9r~_�U�A�];U9]�@bKbw U\w�}e��TeUtF�o7O�_�U�K�R�U9o7]�A�_�U p _�iNFeU�GeB~w
h K�M\iJ_�U7�N@br�B,];TNO���]�R�TeUPR�O"R`A�I�F	ieoPa5U~_,O"Q7¨�r9O�ieF>R�Ut_�];©�_�U � ieK�_�U�GQ3O"_'¨�];i pep O"_;Rcr9O�ieF>R�©qO p Ut_`A�R�KLO�Fe]9w��ETNK�]PF	ieo6a5Ut_6GNU p U9FeGN]6O\F
R�TeU�R�O�R`A"I4FJiNoPa5Ut_mA"FHG7R�TeUn];KL�tU9]�O�Q hS� u�R;_�U9Ut]9k��ETeU,];osA"I�ILU~_ER�TeU
F	ieo6a5Ut_mA�FHGPR�TNU-];K��9Ut]EO�Q4R�TeU�R;_�U9U9]9}>R�TNU�];osA�I�I�Ut_�K�]mR�TNU-F	ieo6a5Ut_
O�Q[¨�r9O�ieF>R�Ut_�];©JwS§vRSU~­ p ILA�K�Fe]���T>��R�TNU[F	ieo6a5Ut_�]dO"QE¨�rtO\ieF>R�Ut_�];©nQ3O"_
hS� VNA�o�}>y,zS{/|-}NA�FHG hS� VJiNr�GNUtrt_�U�A�];U-��TeU9FsR�TeUn];U9I�U9rtR�K��	K�R���O�Q
R�TeU�r9O�Fe]^R;_`A�K�F>R�GJU9rt_�U�A"];U9]�@bKbw U�wL}"��TeUtF1Q�Ut�EU~_�K�R�Uto7]�A"_�Um];U9I�U9rtR�U�GeB~w
W-o7O�FeM hS� VJA�o®A�FeG�y,z�{/|-}JR�TeU�Q�O�_�o7Ut_�_�U � iNK�_�U9]�oPier`TsQ3Ut�[Ut_¨�rtO\ieF>R�Ut_�];©-a5U9r�A"ie];UEK�RSUt¬4UtrtR�K��CU9I��*_�U�GNiNr9U9]�R�TNU[F	ieo6a5Ut_�A"FHG*R�TeU
];K��9U9]cO"Q-R�TNU7R;_�U9U9]9w¯X�O�_�U9O��CUt_�}mK�RcK�]PK�F>R�Ut_�U9]^R�K�FNMqR�OqFNO�R�UsR�THA"R
y,z�{/�°_�U � iNK�_�Ut],R�TeU�]�A�o7U6FJiNoPa5Ut_nO"Qc¨�rtO\ieF>R�Ut_�];©J}�_�UtMCA"_`GJI�U9];]O�Q-R�TeU�r9O\FN]^R;_`A�K�F>R7];U9I�U9rtR�K��	K�R��>w��ETeU�_�U�A�];O�F±K�]PR�THA�RcR�TeU�A�I�M\O"u
_�K�R�Teo²Q3O�_�o7] p _�O��^U9rtR�U9G�GNA"R`A�aeA�];U9]cQ�O�_sA"I�I�Q�_�U � ieU9F>RPK�R�Uto7];UtR�]9}
_�U9M\A"_`GNI�U9];]sO"Q,R�TeUtK�_cr9O\FN]^R;_`A�K�F>R7]�A"R�K�]^�5A"aeK�I�K�R��>w�X�A�F>��O�QnR�TeU9];U
p _�O��^UtrtR�U�G!GeA"R`A"aHA"];U9]1GNOsFeO"R*I�U�A\G�R�OsR�TeU1�HFHGJK�FeMsO�Qm�\A"I�K�G�Q�_�Utu
� ieU9F>R�K�R�U9o7];U~R�]9³
´ TNU9F'R�TeU�o7KLFNK�oPieoZ];i pep O"_;RPR�TN_�Ut];TeO\ILG'K�Fert_�U9A�];U9]9}mR�TeUs_�ieFNuR�K�o7U�GNUtrt_�U�A�];Ut]9}JA�FHG�];O*A"_�U�R�TNUE];K��9U�O�Q hS� u�R;_�U9U\}CR�TNUEF	ieoPa5U~_SO�Q
r9O�Fe]^R;_`A�K�F>R�r`TeU9r`�	KLFNMcA"FHG�R�TNU,F	ieo6a5Ut_EO"Q*¨�rtO\ieF>R�Ut_�];©�Q3O"_�¨v];i p u
p O�_;Rnr9O�ieF>R�©PO p Ut_`A"R�K�O�Fe]9w
´ U,THA��CU*A"IL];O6R�U9]^R�U�G�];r9A�ILA�aNKLI�K�R�����K�R�T�R�TeU,FJiNoPa5Ut_[O�Q�R;_`A"Fe]�A"rtu
R�K�O\FN]9w��ETeU7_�U9];iNI�R�]6];TNO��µR�THA�R�O\iN_ p _�O p O\];U9G'A�I�M\O"_�K�R�TNo hS� V
THA"]nAPI�KLFNU�A"_-];r�A"I�A"aeK�I�K�R��>w
¶ A"]^RnaeiNREFeO�R[R�TeU�I�U�A"]^R�}N�[U*THA��CU,U~­ p U~_�KLo7UtF	R�U9G7��K�R�T�oPieI�R�K p I�U

V	§;·,¸*¹�¹º«�­ p I�O"_`A"R�K�O\FN]9w »�O\I�iNo7U, N}e§�];];iNUP¢�u p A�M�U* C�



¼-½e¾P¿5À~ÁEÂ�Ã Ä-½NÅ	Æ�Ç�¾7À6ÈbÇLÅ�É;À9Ê9Â�ÅHËNÉ`Ì
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Ï�Ç�â�½NÁ�À ÝJã�ä�å ÀtÊtÆ�Ç�æCÀ9ÅeÀtÉ;É�Â"Ã äSçNèNé Â\Ç�Æ�Ç�Åeâ*ê�½ é Æ�Ç èNé ÀnÑJ½eÊtÊ9Ç�ÅeÊtÆ Í Â�ÅNë
É^Æ;Á`Î"Ç�Å	Æ�É

É;½NÊ9Ê9Ç�ÅeÊ~Æ-ÊtÂ\ÅeÉ^Æ;Á`Î"Ç�Å	Æ�É Ù Ï�Ç�â\½JÁ�À Ý É;ìeÂ�í�É�Æ�ìeÀ�Á�À9É;½ é Æní�ìNÀ9Å�¾6½ é Æ�Ç�ë
èNé ÀPî3ï5ðCñvòNñ~ï5ð>ñ~ïNó�ÊtÂ\ÅeÉ^Æ;Á`Î"Ç�Å	Æ�É9ôJÀ�Î"Ê~ì�í�Ç�Æ�ì Ø\ßCõ É;À é À9Ê~Æ�ÇLæ	Ç�Æ�ö>ô	í[ÀtÁ�À
½NÉ;À�Ë Ù ¼-Â�Æ�Ç�Ê9ÀcÆ�ìeÎ"Æ�Â\½JÁ è Á�Â è Â�É;À�Ë¯Î é â�Â�Á�Ç�Æ�ìe¾²ÏSÐmÑNÎ"¾ZÇLÉ1¾7Â"Á�À
À~÷7Ê9Ç�À9Å>ÆcÆ�ìHÎ"Å�Ç�Æ�ÉPÒ,ÓSÔgÊ9Â\½NÅ>Æ�ÀtÁ è Î�Á;Æ�ô[¿5À9Ê9Î�½eÉ;À�Â\½NÁcÎ é â\Â"Á�Ç�Æ�ìe¾
ÏSÐmÑNÎ"¾øÀ çNèNé Â\Ç�Æ�ÉcÎ éLé Â"Ã�Æ�ìeÀsÊ9Â\ÅNÉ^Æ;Á`Î�Ç�Å>Æ�ÉcÇ�Å¯Æ�ìeÀs¾P½ é Æ�Ç èNé À�É;½NÊtë
ÊtÇLÅNÊtÆ�ÊtÂ\ÅeÉ^Æ;Á`Î"Ç�Å	Æ�É9ô5í�ìNÀtÁ�À�Î"É,Ò�ÓSÔ Õ À çJèeé Â\Ç�Æ�É�Â�Å é ö�Â�ÅeÀ�Â�Ã�Æ�ìeÀt¾
ÈbÇ Ù À Ù ô�â\À9ÅNÀtÁ`Î"Æ�Ç�ÅNâ�Ç�Æ�Àt¾7É;ÀtÆ�É6É�Î�Æ�Ç�É^Ã�öJÇ�Åeâ�Æ�ìeÀs¾7Â\É^Æ�É;À é À9Ê~Æ�ÇLæ\À�É;½NÊtë
ÊtÇLÅNÊtÆ�ÊtÂ\ÅeÉ^Æ;Á`Î"Ç�Å	Æ�ô5Æ�ÀtÉ^Æ�ÇLÅNâ7Æ�ìeÀ9¾ùÎ�â\Î�Ç�ÅeÉ^Æ*Î é�é Â�Æ�ìNÀtÁ�Ê9Â�ÅeÉ^Æ;Á`Î"ÇLÅ>Æ�É9ô
Î"ÅHË�À ç Ê é ½eËNÇ�ÅeâcÆ�ìNÂ\É;À�ÅeÂ�Æ-É�Î"Æ�Ç�É^Ã�öNÇ�ÅNâ�Î"Å>ö�Â�Ã�Æ�ìNÀ�¾6½ é Æ�Ç èeé À*Ê9Â�ÅNë
É^Æ;Á`Î"Ç�Å	Æ�É`Ì ÙPú ìeÀ9Å!Ê9Â�¾ è Î"Á�À9ËqÒ,Ó�Ô'í�Ç�Æ�ì ÍEÖ Ðµû ×tØ�ü ô ÍEÖ ÐýÂ�½NÆ;ë
è À~Á;Ã3Â�Á�¾7É�Ò�ÓSÔgÇ�Å�É;Â\¾7À�É;Ç�Æ�½HÎ"Æ�Ç�Â�ÅeÉ Ù�þ ìNÀ�Á�À�Î"É;Â\Å�Ç�É6Æ�ìHÎ�ÆPÆ�ìNÀ
ÍEÖ Ð®Î é â\Â"Á�Ç�Æ�ìN¾�ô é Ç�ÿCÀ�ÏSÐ[Ñ5ônÎ é É;Â�À çJèeé Â\Ç�Æ�É�¾6½ é Æ�Ç èeé ÀqÉ;½eÊ9Ê9Ç�ÅNÊtÆ
ÊtÂ\ÅeÉ^Æ;Á`Î"Ç�Å	Æ�É Ù ê�Â�Á�À9Â�æCÀtÁ�ôdÂ\½JÁ è Á�Â è Â�É;À�Ë�Î é â\Â�Á�Ç�Æ�ìN¾øÏSÐmÑNÎ"¾�ô�Î�É
À çNè ÀtÊtÆ�À�Ë/ô\Ç�Ém¾7Â"Á�À�Àt÷7Ê9Ç�À9Å>Æ�Æ�ìHÎ�Å ÍEÖ Ð�ôC¿5À9Ê9Î�½eÉ;À�Â�½NÁmÎ é â\Â"Á�Ç�Æ�ìe¾
ÏSÐmÑNÎ"¾�Ç�É�ÏSÐSë�Æ;Á�À9À�¿HÎ"É;À�Ë È3í�ìeÇ�Ê`ì�Î�æCÂ�Ç�ËJÉsÊ�Î�ÅeËNÇLËeÎ�Æ�À�â\À9ÅNÀtÁ`Î"ë
Æ�Ç�Â�Å5Ì~ô	í�ìeÀtÁ�À9Î�É ÍEÖ Ð'Ç�É Ö è Á�Ç�Â�Á�Ç�ë$¿HÎ"É;À�Ë!È3í�ìNÇ�Ê~ìsÁ�À é Ç�À9É�Â\Å�Ê�Î�ÅeËNÇ�ë
ËNÎ"Æ�À*â�À9ÅeÀtÁ`Î�Æ�Ç�Â\Å5Ì Ù

5. CONCLUSIONSÖ ÿCÀtöqÊtÂ\Å>Æ;Á�Ç�¿e½NÆ�Ç�Â�Å�Â"ÃEÆ�ìeÇ�É è Î è ÀtÁ1Ç�É�Æ�Â�Â è Æ�Ç�¾7Ç � À6Æ�ìNÀ è ÀtÁ;Ã�Â�Á;ë
¾sÎ"ÅeÊ9À�Â�Ã�ônÎ"ÅHË�Æ�Â�Ç�ÅeÊtÁ�À9Î�É;À�Ã3½NÅeÊtÆ�Ç�Â\ÅeÎ é Ç�Æ�ö�Â�ÃvônÏSÐ�ë�Æ;Á�À9À�¿eÎ�É;À�Ë
ÊtÂ\ÅeÉ^Æ;Á`Î"Ç�ÅeÀ�Ë�¾7Ç�ÅeÇ�Åeâ!Î é â�Â�Á�Ç�Æ�ìe¾7É Ù�þ ÂqÆ�ìeÇ�É6À9ÅHË4ômí[À è Á�Â è Â\É;À9Ë
Î"ÅHËPÉ^Æ�½eËNÇ�À�Ë1Æ�ìeÀ�ÅeÂ�æCÀ é Î é â\Â�Á�Ç�Æ�ìN¾µÂ"Ã/ÏSÐ[Ñ ÙCþ ìNÀ�Î é â\Â"Á�Ç�Æ�ìe¾µìHÎ�ÅJë
Ë é À9É6É;½NÊ9Ê9Ç�ÅeÊ~Æ6ÊtÂ\ÅeÉ^Æ;Á`Î"Ç�Å	Æ�É6ËNÇ�Á�À9Ê~Æ é ö�Î�ÅeË�À çJèeé Â�Ç�Æ�É1É;½NÊ9Ê9Ç�ÅeÊtÆ�ÅNÀ9É;É
è Á�Â è ÀtÁ;Æ�Ç�À9É9ô�É;Â�Æ�ìHÎ�ÆdÆ�ìeÀ�Ê9Â�ÅeÉ^Æ;Á`Î�Ç�Å>Æ�ÉSÎ�Á�À è ½eÉ;ìeÀ9Ë*ËNÀ9À è Ç�ÅeÉ;ÇLËJÀ�Æ�ìNÀ
¾7Ç�ÅNÇLÅNâ è Á�Â>ÊtÀ9É;É9ô é À�Î\ËJÇLÅNâ7Æ�Â7À å À9ÊtÆ�Ç�æCÀ è Á�½NÅeÇ�Åeâ Ù ê�Â"Á�À9Â�æCÀtÁ�ôHÆ�ìNÀ
Î é â\Â�Á�Ç�Æ�ìN¾ ËNÂ>ÀtÉ�ÅeÂ"Æ�¾sÎ�ÿ\À1Î�Å>ö�½NÅNÁ�À�Î é Ç�É^Æ�Ç�ÊcÎ"É;É;½e¾ è Æ�ÇLÂ�Å!Î�¿5Â\½JÆ
Æ�ìNÀ,À ç Ç�É^Æ�À9ÅNÊ9À�Â�Ã�Æ�Â�Æ`Î é Â"Á`ËNÀtÁ�Â�æCÀ~ÁEÆ�ìeÀ-É;ÀtÆ�Â�ÃdÇ�Æ�Àt¾7É Ù�� Æ�ìeÎ�ÅHË é À9É
¾6½ é Æ�Ç èeé ÀsÉ;½eÊ9ÊtÇLÅNÊtÆ6Ê9Â\ÅNÉ^Æ;Á`Î�Ç�Å>Æ�É�È3í�ìeÀtÆ�ìNÀtÁPÎ�â\â"Á�À9âCÎ�Æ�À�Â"ÁcÂ�Æ�ìNÀtÁ;ë
í�Ç�É;À�Ì�æCÀtÁ;ö�Àt÷cÊ9Ç�À9Å>Æ é ö�Î"ÅHË�À å ÀtÊtÆ�Ç�æCÀ é ö Ù
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